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INTRODUCTION 
The cobalt-base a l l o y  L-605 (HS-25) has many elevated temperature uses. 
Its mechanical and physical propert ies  are  summarized i n  references 1 and 2.  
Because of i t s  elevated temperature strength,  f a b r i c a b i l i t y ,  and, weldabi l i ty ,  
t h e  a l l o y  i s  of i n t e r e s t  f o r  aerospace applications.  A p o t e n t i a l  appl ica t ion  
i s  i t s  use i n  tubing and rad ia tor  components of advanced space power systems 
t h a t  a r e  required t o  operate f o r  mission times of thousands of hours. It has 
been observed (ref. 3) ,  however, t h a t  t h i s  a l l o y  has a tendency t o  become 
b r i t t l e  af ter  long-time exposure t o  high temperatures. This property i s  ob- 
viously undesirable i n  engineering applications involving long-time, high- 
temperature use, p a r t i c u l a r l y  those subject t o  mechanical and thermal cycling. 
Jenkins ( r e f .  3) a t t r i b u t e d  the  embrittlement of L-605 t o  t h e  heavy pre- 
c i p i t a t i o n  of the  in te rmeta l l ic  compound C02W during high-temperature exposure 
Wlodek ( r e f .  4) suggested t h a t  the compound Co2W i s  a s tab le  Laves phase i n  t h i s  
a l l o y .  Because CozW i s  not an equilibrium phase i n  t h e  Co-W binary system ( r e f .  5 ) ,  
Wlodek suggested t h a t  it i s  s t ab i l i zed  i n  L-605 by t h e  s i l i c o n  present. He 
cor;tended t h a t  reduction i n  s i l i c o n  content would lessen Laves phase p r e c i p i t a t i o n  
and, i n  t u r n ,  reduce embrittlement. Some data sbpporting t h i s  contention a r e  
shown i n  references 4 and 6 .  It was  a l so  proposed i n  reference 4 t h a t  p rec ip i ta -  
t i o n  of carbides  and t h e  possible formation of bcp cobalt  contributed t o  t h e  
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-embrittlement i n  L-605 and t h a t  the formation of hcp cobalt  can be prevented 
by increasing the  concentration of i ron.  I ron i s  believed t o  s t a b i l i z e  the 
f cc cobalt  s t ruc ture .  
I n  view of t h e  importance of re ta in ing  d u c t i l i t y  i n  L-605, a program w a s  
undertaken at NASA Lewis Research Center t o  inves t iga te  t h e  e f f e c t  of wide 
var ia t ions  of S i  and Fe content within the manufacturer's spec i f ica t ions  on 
the room-temperature d u c t i l i t y ,  as measured by t e n s i l e  elongation, of L-605 
after aging. 
INVESTIGATIVE PROCEDURE 
Six  spec ia l  hea ts  and two commercial hea ts ,  based on the  manufacturer's 
standard prac t ice  pr ior  t o  1964, were obtained from t h e  Union Carbide S t e l l i t e  
Company f o r  use i n  t h i s  invest igat ion.  This manufacturer's commercial melting 
prac t ice  has recent ly  been changed t o  provide t h i s  a l l o y  with low s i l i c o n  con- 
t e n t s  similar t o  those obtained i n  the  low s i l i c o n  spec ia l  heats  of t h i s  in -  
vest igat ion.  
the  s i l i c o n  and i ron  contents and grain s izes  of the  heats  invest igated.  
and i ron  contents were determined by a n  independent laboratory f o r  a l l  hea ts  
except heat  5. 
Table I gives the  nominal composition l i m i t s  of L-605 as well  as 
Si l icon  
I n  t h e  l a t t e r  case the  analrsis shown was determined by the  
suppl ier .  
mill-annealed (2250' F, rap id-a i r  cooled) by the  suppl ier .  
were machined and then aged at 1600' F i n  a i r ,  
because t h e  grea tes t  r a t e  of embrittlement w a s  observed ( r e f .  4 )  with mater ia l  
t h a t  had been aged a t  t h i s  temperature. After aging, the  specimens were cooled 
i n  a i r  t o  room temperature, where t e n s i l e  t e s t s  were performed. 
length w a s  used t o  measure elongation. 
A l l  mater ia l  w a s  hot-rol led to'approximately 0.050 inch sheet and 
Tensile specimens 
This temperature w a s  selected 
A 1-inch gage 
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RESULTS AND DISCUSSION 
The average room-temperature d u c t i l i t i e s  before aging and a f t e r  aging a t  
1600' F f o r  50, 200, and 1000 hours are shown i n  f igure  1. For purposes of 
comparison the  heats  may roughly be divided i n t o  two groups: high s i l i c o n  
content (0.49 t o  1.00 percent) and low s i l i c o n  content (0 .12  and 0.23 percent) .  
A t  a l l  aging times the three hea ts  w i t h  the low s i l i c o n  content had 
s u b s t a n t i a l l y  greater  t ens i le  d u c t i l i t y  than did the  five high s i l i c o n  
content heats .  After aging 50 hours, the  low s i l i c o n  hea ts  had elongations 
t h a t  ranged from approximately 24 t o  64 percent while the  elongations of t h e  
high s i l i c o n  heats  ranged between about 8 percent and 14  percent. After 
200 hours aging t h e  elongations of the  l o w  s i l i c o n  hea ts  ranged from approxi- 
mately 1 7  t o  32 percent as compared with only 3 t o  7 percent f o r  t h e  high 
s i l i c o n  heats .  After aging 1000 hours, the low s i l i c o n  heats  s t i l l  had con- 
s iderably grea te r  d u c t i l i t y ,  13 t o  1 6  percent, as against  2 t o  6 percent f o r  
t h e  high s i l i c o n  heats .  Four of the  f i v e  high s i l i c o n  hea ts  had elongations 
ranging between approximately 2 and 3 percent. 
The highest  s i l i c o n  content heat (heat 6 )  did not always show the  lowest 
d u c t i l i t y  nor did both of t h e  lowest s i l i c o n  content heats  ( 7  and 8)  always 
have t h e  g r e a t e s t  d u c t i l i t y .  Some crossover of t h e  curves occurs s o  t h a t  t h e  
exact ranking of hea ts  by d u c t i l i t y  i s  not the  same at each aging time. 
t h e  t r e n d  toward improved d u c t i l i t y  w i t h  lower s i l i c o n  content i s  unmistakable, and 
However, 
a pronounced increase i n  d u c t i l i t y  is c l e a r l y  obtainable by a reduction i n  s i l i c o n  
content t o  between 0.12 and 0,23 weight percent. This i s  i l l u s t r a t e d  more markedly 
i n  f i g u r e  2,  which presents the  r e l a t i o n  between d u c t i l i t y  and s i l i c o n  content 
f o r  a l l  h e a t s  a f t e r  aging f o r  1000 hours. 
1 t o  0.49 percent does not appear t o  have a pronounced e f f e c t  on d u c t i l i t y .  
However, f u r t h e r  reductions i n  s i l i c o n  content t o  0 .23  percent o r  l e s s  resu l ted  
Reducing t h e  s i l i c o n  content from 
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. i n  d u c t i l i t i e s  appreciably higher than those obtained with hea ts  containing 
0.49 t o  1.00 percent s i l i con .  
When hea ts  within a narrow composition range of i r o n  (0.16 t o  0.57 percent)  
a r e  considered, d u c t i l i t y  a f t e r  200- and 1000-hour aging treatments i s  s t i l l  
seen t o  increase with decreasing s i l i c o n  content ( f i g .  1). 
hand, when hea ts  within narrow composition ranges of s i l i c o n  (0.12 t o  0.23 
and 0.49 t o  0.060 percent)  a r e  considered, no consis tent  t rend  of 
On the  other  
i m r e a s i n g  d u c t i l i t y  with increasing i r o n  content i s  
observed. I n  general ,  then, l i t t l e  apparent e f f e c t  on post aging d u c t i l i t y  was 
observed as a r e s u l t  of va r i a t ions  i n  i r o n  content from 0.16 t o  3 .24  percent.  
The t e n s i l e  t e s t s  a l s o  indicated t h a t  t e n s i l e  s t rength  w a s  not adversely 
a f f ec t ed  by reduced s i l i c o n  content. I n  f a c t ,  a f t e r  aging 1000 hours a t  1600' F, 
the  low s i l i c o n  hea t s  had t e n s i l e  s t rengths  equal t o  o r  s l i g h t l y  higher than 
those of t h e  two commercial heats .  
The microstructure  after aging showed t h a t  subs t an t i a l ly  l e s s  p rec ip i t a t ion  
occurred i n  hea ts  t h a t  were low i n  s i l i con  as compared with hea ts  t h a t  were high 
i n  s i l i con .  Figure 3 provides a t y p i c a l  i l l u s t r a t i o n  of t h i s .  Variations i n  
i r o n  content,on t h e  other  hand, appeared t o  have l i t t l e  e f f e c t  on the  micro- 
s t ruc tu re  a f t e r  aging. It should a l s o  be noted t h a t  X-ray d i f f r a c t i o n  s tudies  
by Wlodek on samples used i n  t h i s  invest igat ion indicated t h a t  reducing s i l i c o n  
content r e s u l t e d  i n  subs t an t i a l  reductions i n  the  amount of Laves phase present 
a f t e r  aging ( r e f .  6 ) .  
post  aging d u c t i l i t y  of L-605 can be subs t an t i a l ly  improved by reducing s i l i c o n  
content and t h a t  t h e  improved d u c t i l i t y  i s  associated with a reduct ion i n  the  
amount of Laves phase prec i p i t a t  ion. 
Thus it i s  evident from t h i s  inves t iga t ion  t h a t  t h e  
SUMMARY OF RESULTS 
1. Reduction of s i l i c o n  content t o  0.23 percent,  or l e s s ,  subs t an t i a l ly  
increased t h e  room-temperature d u c t i l i t y  of L-605 a f t e r  long-time aging at 
1600' F. 
t e n s i l e  s t rength .  
This improved d u c t i l i t y  w a s  achieved without loss i n  room-temperature 
2. Considerably l e s s  p rec ip i t a t ion  occurred i n  hea ts  t h a t  were low i n  
s i l i c o n  content (0.12 t o  0.23 percent) as compared with those t h a t  were high 
i n  s i l i c o n  content (0.49 t o  1.00 percent ) .  
3. Variat ions i n  i r o n  content from 0.16 t o  3.24 percent had l i t t l e  
apparent e f f e c t  on post aging microstructure o r  d u c t i l i t y .  
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Heat number 
S i l i con  content,  
weight percent 
I ron  content,  
weight percent 
ASTN average 
gra in  s i z e  w 
1 2  
0 .23  0.60 
0.57 0.49 
6 6  
TABU3 I. - HEATS INVESTIGATED 
0.55 
1.60 
4 
[Manufacturer's composition l i m i t s  for L-605 a re  19  t o  
2 1  Cr, 1 4  t o  16  W, 9 t o  11 N i ,  1 t o  2 Mn, 0.05 t o  
0.49 1.00 0.12 
1.85 3.24 0.16 
4 6 6  
0.15 C, 3 max,Fe, 1 max si, balance co ( r e f .  1)1 
3 
0.73 
0.24 
5 
4 1 5  1 6  1 7  8 
0.12 
3.06 
6 
. 
. 
Heat 
number 
0 1  
0 2  
0 4  
0 5  
A 6  
0 7  
h 8  
0 3  
Figure 1. - Effect of aging time at 1600" Fon average room-temperature 
ductility. . 
Heat Silicon Iron 
number percent percent 
0 1 0.23 0 . 3  
0 2 .60 .49 
fi 3 .73 .24 
0 4 .55 1.60 
0 5 .49 1.85 
A 6 1.00 3.24 
0 7 .12 .16 
b 8 .12 3.06 
- 
{
0 .2  .4  .6 .8  1.0 1.2 
Silicon, weight percent 
Figure 2. - Effect of silicon Content on average room-temperature duc- 
tility after aging loo0 hours at 1600" F. 
Y 
(a) 0.73 Percent silicon (heat 3). 
(b) 0.12 Percent silicon (heat 7). 
Figure 3. - Effect of silicon content on microstructure of L-605 after aging loo0 
hours at 1600" F; i r on  content of both heats are essentially the  same. 
